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DIGITAL TONE MIXER 

FIELD OF THE INVENTION 

The present invention relates to a digital mixer, and 
more particularly to a digital tone mixer. 

DESCRIPTION OF THE PRIOR ART 

It is known that the generation of a mixed tone in the 
prior art is obtained by converting two individual digi 
tal tone signals into two individual analog signals and 
then mixing the two analog tone signals by means of an 
analog summer so as to obtain a mixed tone. However, 
because of the use of linear elements in the conventional 
analog tone mixer, the output characteristic of the tone 
mixer is relatively unstable and will affect the operation 
of other devices, such as an ampli?er, connected 
thereto. Therefore, it is necessary to provide a tone 
mixer which does not use linear elements so as to obtain 
a more stable output characteristic. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to 
provide a digital tone mixer having a stable output char 
acteristic. 

In order to achieve the above-mentioned object, a 
digital tone mixer according to the present invention 
comprises: a ?rst digital volume regulator electrically 
connected to a ?rst tone generator and having a binary 
signal output corresponding to the desired amplitude of 
a pulsating tone signal from said ?rst tone generator; a 
second digital volume regulator electrically connected 
to a second tone generator and having a binary signal 
output corresponding to the desired amplitude of a 
pulsating tone signal from said second tone generator; a 
binary adder for summing the binary signal outputs of 
said ?rst and second volume regulators; and a pulse rate 
modulator receiving a binary output from said binary 
adder and generating a pulse train which has a pulse 
density corresponding to the binary output of said bi 
nary adder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The feature, object and advantages of the present 
invention will become apparent to those of ordinary 
skill in the art by reviewing the detailed description 
below of the preferred embodiments in connection with 
the attached drawings, of which: 
FIG. 1 shows a block diagram of the preferred em 

bodiment of a digital tone mixer according to the pres 
ent invention; 
FIG. 2 is a more detailed schematic block diagram of 

the mixer shown in FIG. 1. 
FIG. 3 is a logic circuit diagram of a pulse rate modu 

lator used in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a digital tone mixer according to 
the present invention essentially comprises a ?rst digital 
volume regulator (2) in connection with a ?rst digital 
tone generator (1), a second volume regulator (4) in 
connection with a second digital tone generator (3), a 
binary adder (5), and a pulse rate modulator (6). The 
?rst and second tone generators (1, 3) can produce 
square wave signals representative of a ?rst and a sec 
ond pulsating tone signal, respectively. The ?rst and 
second pulsating tone signals can be of any frequencies, 
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2 
such as in the range of 300 Hz to 4000 Hz, and are 
provided to the ?rst and the second volume regulators 
(2, 4) respectively. 
A more detailed construction of the volume regula 

tors (2, 4) according to this invention is shown in FIG. 
2. Since the construction of the ?rst volume regulator is 
.the same as that of the second volume regulator, only 
the ?rst volume regulator is described below. As shown 
in FIG. 2, a volume regulator (2) comprises a ?ve-bit 
31-stage down counter (21) and ?ve AND gates (22), 
and functions as an envelope generator. One of the 
inputs (221) of each AND gate (22) is connected to a 
respective output line of the down counter (21). The 
other inputs (222) of the ?ve AND gates (22) are con 
nected to the digital tone generator. The counter (21) is 
controlled by a control means (not shown) capable of 
providing a sequential programming clock (CH1) to 
trigger and control the down-counting operation of the 
counter (21). It can be appreciated that if the output of 
the counter (21) is of a large valtfe, the sound generated 
by a speaker connected to the digital tone mixer of this 
invention will be correspondingly large. By contrast, if 
the output of the counter (21) is of a small value, the 
sound generated by the speaker will be correspondingly 
small. The output lines of the volume regulators (2, 4) 
are connected to a binary adder as described below. 
The binary adder (5) shown in FIG. 1 is a known 5-bit 

adder. The adder will combine the signals from the 
outputs of the two volume regulators (2, 4) and will 
produce a 6-bit output, including a carry bit. 
FIG. 3 shows the construction of a pulse rate modula 

tor (6) according to the present invention. The modula 
tion means (6) comprises seven NAND gates (NO-N6) 
and a frequency divider consisting of six ?ip-?ops 
(FD-F5), a NOT gate and six AND gates (AO-AS). The 
CLK input to the pulse rate modulator (6) is connected 
to a pulse generator (not shown). The inputs (DO-D5) 
of the NAND gates (NO-N5) are connected to the out 
put lines of the adder (5), while the inputs (RD-R5) 
thereof are connected to the outputs of the frequency 
divider. 

It can be appreciated that if the frequency of the 
CLK signal is f0 Hz, then the frequencies of the signals 
at the outputs of R5 to R0 of the AND gates AS-AO 
will be iU/Z Hz, ?)/4 Hz, f0/8 Hz, {0/16 Hz, f0/32 Hz, 
and ill/64 Hz, respectively. In this example, the fre 
quency of the CLK signal is 1.1 MHz as shown in FIG. 
2. 
With the combination of the signals from the fre 

quency divider and that from the adder, the pulse rate 
modulator (6) will provide a pulse train (S0) at the 
output of the NAND gate (N6) which pulse train (S0) 
is variably controlled by the signals from the adder (5). 
The pulse train can serve as an input to a sound genera 
tor, such as a speaker or buzzer, so as to generate a 
tone-mixed sound. 

In a further embodiment, the ?rst and second tone 
signals from the two tone generators can be generated 
alternately in time. Thus an echo effect will be created. 
Although the present invention has been described in 

connection with the preferred embodiments thereof, it 
is to be noted that numerous changes and modi?cations 
will become apparent to those skilled in the art. Ac 
cordingly, such changes and modi?cations, of the pres 
ent invention, are to be understood as encompassed in 
the present invention as de?ned by the appended claims. 

I claim: 
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1. A digital tone mixer, comprising: 
a ?rst digital volume regulator for electrical connec 

tion to a ?rst tone generator and providing a ?rst 
binary signal output corresponding to a ?rst de 
sired amplitude of a pulsating tone signal from said 
?rst tone generator; 

a second digital volume regulator for electrical con 
nection to a second tone generator and providing a 
second binary signal output corresponding to a 
second desired amplitude of a pulsating tone signal 
from said second tone generator; 

a binary adder for summing said ?rst and second 
binary signal outputs of said ?rst and second digital 
volume regulators into a binary output signal; and 

a pulse rate modulator for generating a pulse train 
that has a pulse density corresponding to said bi 
nary output signal. 

2. The digital tone mixer as claimed in claim 1, 
wherein each of said ?rst and second digital volume 
regulators comprises a ?ve-stage down counter having 
?ve output lines and ?ve two-input AND gates, each of 
said AND gates having a ?rst input connected to a 
respective one of said output lines of said down counter 
and a second input for receiving said pulsating tone 
signal from the corresponding one of said ?rst and sec 
ond tone generators. 

3. The digital tone mixer as claimed in claim 1, 
wherein said ?rst desired amplitude is different from 
said second desired amplitude. 

4. The digital tone mixer as claimed in claim 2, 
wherein said ?rst desired amplitude is different from 
said second desired amplitude. 

5. The digital tone mixer as claimed in claim 1, 
wherein said ?rst desired amplitude is the same as said 
second desired amplitude. 
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6. The digital tone mixer as claim in claim 2, wherein 

said ?rst desired amplitude is the same as said second 
desired amplitude. ' 

7. The digital tone mixer as claimed in claim 1, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

8. The digital tone mixer as claimed in claim 2, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

9. The digital tone mixer as claimed in claim 3, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

10. The digital tone mixer as claimed in claim 4, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

11. The digital tone mixer as claimed in claim 5, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

12. The digital tone mixer as claimed in claim 6, 
wherein said ?rst binary signal output is different from 
said second binary signal output. 

13. The digital tone mixer as claimed in claim 1, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. 

14. The digital tone mixer as claimed in claim 2, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. 

15. The digital tone mixer as claimed in claim 3, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. 

16. The digital tone mixer as claimed in claim 4, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. 

17. The digital tone mixer as claimed in claim 5, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. ‘ 

18. The digital tone mixer as claimed in claim 6, 
wherein said ?rst binary signal output is the same as said 
second binary signal output. 
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